Abstract. The present study aimed to investigate the value of dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) combined with quantitative analysis of diffusion weighted imaging (DWI) for the diagnosis of prostate cancer (PCa). A total of 81 patients with prostatic diseases, including PCa (n=44) and benign prostatic hyperplasia (BPH, n=37), were imaged with T1 weighted imaging (T1WI), T2 weighted imaging (T2WI), DWI and DCE-MRI. The blood vessel permeability parameters volume transfer rate constant (K trans ), back flow rate constant (K ep ), extravascular extracellular space volume fraction (V e ), plasma volume fraction (V p ) and apparent diffusion coefficient (ADC) were measured, and compared between the two groups. The efficiency of these tools for the diagnosis of PCa was analyzed by receiver operating characteristic curve analysis. The efficiency of ADC combined with blood vessel permeability parameters in the diagnosis of PCa was analyzed by logistic regression. The correlation between these parameters and the Gleason score was evaluated by Spearman correlation analysis in the PCa group. The results demonstrated that, compared with the BPH group, K trans , K ep , V e and V p were higher, and ADC was lower in the PCa group (P<0.05). The combination of K ep and ADC offered the highest diagnosis efficiency [area under the curve (AUC=0.939)]. However, the combination of three parameters did not significantly improve the diagnostic efficiency. A subtle improvement in diagnostic efficiency was observed when four parameters (K trans + K ep + V e + ADC) were combined (AUC=0.940), which was significantly higher than with one parameter. The ADC value of the PCa group was negatively correlated with the primary Gleason pattern, secondary Gleason pattern and the total Gleason score in PCa (r=-0.665, -0.456 and -0.714, respectively; P<0.001). The V p in the PCa group was slightly negatively correlated with the primary Gleason pattern of PCa (r=-0.385; P<0.05); however, no significant correlation was found with secondary Gleason pattern and the total Gleason score. The present study revealed that the combination of DCE-MRI quantitative analysis and DWI was efficient for PCa diagnosis. This may be because DCE-MRI and DWI can noninvasively detect water motility in tumor tissues and alterations in permeability during tumor neovascularization. The present study demonstrated that K ep and ADC values may be used as predictive parameters for PCa diagnosis, which may help differentiate benign from malignant prostate lesions.
Introduction
Prostate cancer (PCa) is the most common type of cancer in elderly men, the incidence of which increases annually (1, 2) . The diagnosis of PCa is easily delayed or missed due to the absence of symptoms, particularly in the early stage of the disease. In addition, some symptoms of PCa are similar to those of other diseases, including benign prostatic hyperplasia (BPH), prostatitis, urinary tract infection, cystitis and urethral stricture. Magnetic resonance imaging (MRI) is the best imaging method for PCa diagnosis, allowing unique anatomic assessment of the prostate and the best soft tissue resolution. MRI is used in all stages of PCa, from initial detection to treatment planning and follow-up. However, the traditional MRI method lacks specificity and the diagnostic accuracy needs to be improved. To circumvent this issue, multi-modal MRI has been used to assess lesion perfusion and diffusion characteristics of water molecules, allowing better analysis of the tumor metabolic states. This has crucial implications in the diagnosis, grading and prognostic prediction of PCa (3) . Dynamic contrast-enhanced MRI (DCE-MRI) is an imaging method that analyzes tumor angiogenesis by observing the diffusion of contrast agents into the extravascular space over time. In comparison with BPH, PCa acquires novel vasculature through angiogenesis, develops metastasis and establishes tumors of enhanced permeability. In the present study, the
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parameters volume transfer rate constant (K trans ), back flow rate constant (K ep ), extravascular extracellular space volume fraction (V e ) and plasma volume fraction (V p ) of each lesion were measured quantitatively by DCE-MRI, which indirectly measures quantity and permeability of new blood vessels. These measurements serve to evaluate hemodynamic and metabolic characteristics of the lesions (4) . Although DCE-MRI provides quantitative analysis of tumor vascular permeability, the accuracy of some parameters is still debatable.
Diffusion weighted imaging (DWI) reflects the Brownian movement of water in living tissues by imaging diffusion characteristics. It is widely used for the diagnosis of central nervous system diseases (5) . Recently, this method has also been applied to the diagnosis of systemic tumors, including breast, hepatic and renal tumors (6) . The main evaluation parameter of DWI is the apparent diffusion coefficient (ADC), which reflects the diffusion speed and range of motion. ADC is associated with tumor growth and invasion, and lower ADC values represent a limited degree of diffusion. DWI can also be used for quantitative analysis of the structural and cellular characteristics of PCa; however, the results can easily be influenced by interference of magnetic artifacts (6) . Therefore, the present study aimed to investigate the value of DCE-MRI combined with DWI quantitative analysis in the diagnosis of PCa. The study also evaluated the correlation between vascular permeability parameters and ADC, and Gleason grading and PCa scoring, which provides imaging evidence for the biological invasion and clinical identification of PCa.
Materials and methods

Subjects.
A total of 81 patients with increased prostate-specific antigen (PSA) and clinically suspected PCa were recruited from The First Affiliated Hospital of Zhejiang Chinese Medical University (Zhejiang, China) between October 2014 and January 2016. Inclusion criteria were as follows: i) No MRI scanning contraindications; ii) no endocrine therapy, radiotherapy or other non-surgical treatment prior to MRI scanning; and iii) no prostate biopsy within 1 month of MRI. The diagnosis of 44 patients with PCa (age, 59-85 years; mean, 74±7 years) and 37 patients with BPH (age 52-96 years, mean, 72±11 years) was confirmed by biopsy or surgical pathology during the first week of selection, and tumors were assessed by T1 weighted imaging (T1WI), T2 weighted imaging (T2WI), DWI and DCE-MRI. The institutional review board of The First Affiliated Hospital of Zhejiang Chinese Medical University (Zhejiang, China) approved this retrospective study and waived informed consent.
MRI acquisition.
Imaging was conducted on a 3.0 Tesla MR scanner (Siemens Healthcare GmbH, Erlangen, Germany), equipped with a 16-channel body phased array surface coil. patients were fasted and deprived of water 4 h prior to MRI, and imaging was conducted following defecation and urination in order to reduce interference due do intestinal tract contents and bladder motility artifacts. During imaging, patients were placed in the supine position with the foot at the advanced position and the scanning center located 2 cm above the pubic symphysis. All patients wore noise-cancelling headsets. General scans used short time inversion, fat suppression sequences with transverse, sagittal and coronal T2WI as follows: Repetition time (TR)=4,000 msec, echo time (TE)=96 msec, thickness=3 mm, field-of-view (FOV)=240x240 mm, number of excitations (NEX)=2, matrix=320x320. DWI scans were performed using a single shot echo sequence as follows: TR=4,500 msec, TE=93 msec, thickness=4 mm, FOV=260x221 mm, NEX=4, matrix=160x120. B values of 50 and 700 s/mm 2 were selected, and ADC was reconstructed automatically after the scan. DCE-MRI used three-dimensional volumetric interpolated body scanning sequence of axial T1WI. Galodinium-diethylenetriamine penta-acetic acid (Gd-DTPA) contrast (Hokuriku Seiyaku Co., Ltd, Katsuyama, Japan) was administered intravenously via the median cubital vein at a dose of 0.1 mmol/kg and a rate of 2 ml/sec. After injection, the solution was flushed with 10 ml 0.9% sodium chloride. The protocol scanning parameters of DCE-MRI were as follows: TR=5.80 msec, TE=2.17 msec, thickness=3.60 mm, FOV=260x211 mm, matrix=352x352, NEX=1 and scanning repetitions=15.
Gleason grading and scoring method. Pathological samples were obtained from 15 patients with PCa who underwent surgical tumor biopsy and 29 patients with PCa who underwent 6+4 prostate biopsies guided by transrectal ultrasonography (TRUS). Briefly, after 6 puncture points, 2 points were added to each side of the peripheral area and then 1-2 needles were added to the suspicious area. Tissue was extracted by puncture, fixed in 10% neutral-buffered-formalin for 24 h at room temperature and paraffin-embedded. Sections (4 µm-thick) were then stained with hematoxylin and eosin for 1 h at room temperature. Subsequently, histopathological analysis was performed under a light microscope (magnification, x100). The sections were evaluated for Gleason grading and scoring (7) . The Gleason system, introduced in 1974, is an architectural grading system that ranges from 1 (well differentiated) to 5 (poorly differentiated). The Gleason score is the sum of the primary and secondary patterns with a range of 2-10 (8,9) .
MRI data processing. MRI images were submitted to the Siemens syngo ® MR B17 workstation. Images were assessed by two senior radiologists and a general consensus was reached for each diagnosis. Diagnostic parameters included the anatomical location, shape, maximum diameter, signal intensity of the lesion, and potential alterations in the adjacent organs or tissues. After DWI completion, an ADC map was automatically generated. By using other image sequences as references, the ADC of each lesion was measured by one radiologist, who placed the region of interest (ROI) on the ADC map. For each ROI, the center of the lesion was selected as the midpoint and the region was selected to include the whole lesion. The borders of the peripheral and central zone, root of the seminal vesicle, vessel, calcification, hemorrhage or artifacts were avoided if possible. If multiple lesions were present, only the largest was measured. Each lesion was measured three times and an average ROI value was taken as the ADC value of the lesion site. DCE-MRI quantitative analysis was performed by the same physician using hemodynamics quantitative analysis Omni-Kinetics software (version 2.1.0.R; GE Healthcare, Shanghai, China) for post processing. The multiperiod DCE-MRI sequence was imported to the software.
The femoral artery was selected as part of the circular ROI to obtain time-concentration curves of normal blood vessels. The arterial input function curve was established as a reference, and used to calculate the vascular permeability with the Extended Tofts two-compartment model (10) . Models were then used to calculate the vascular permeability parameters K trans , K ep , V e and V p . In the dynamic contrast enhancement of the original ROI lesions, K trans , K ep , V e and V p values were automatically analyzed, and used to generate various parameters for a red/blue color map image. The placement principle of ROI was the same as the measured ADC value. Each image was analyzed three times and an average was obtained.
Statistical analysis. Statistical analyses were conducted using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). Two-sample t-test was performed to statistically analyze data. Vascular permeability parameters and ADC values were normally distributed and presented as the means ± standard deviation. MedCalc (version 15.2.2; www.medcalc.org) was used to draw receiver operating characteristic (ROC) curves of vascular permeability parameters and ADC values. The area under the curve (AUC) was calculated with the cut-off value set at the maximum Youden index. The optimal threshold and diagnostic efficiency was assessed by logistic regression, which evaluated the diagnostic efficacy of ADC combined with vascular permeability parameters in PCa. Spearman correlation analysis was used to evaluate the correlation between the vascular permeability parameters and ADC values of the tumor area, and primary and secondary Gleason pattern and total Gleason score of PCa. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of patients. There was no significant age difference between the two groups (P=0.400). Among the 44 tissue samples obtained from patients with PCa, multiple lesions were found in 15 cases. Lesions located in the periphery were found in 30 cases, whereas lesions in the transitional zone were only observed in 10 cases. Dual involvement of the peripheral and transitional zone was observed in four cases (Fig. 1A-F) . Gleason scores were defined as follows: 6 points in 12 cases, 8 points in 11 cases, 9 points in 6 cases and 16 points in 7 cases. Among 37 samples from patients with BHP, multiple nodules were reported in 21 cases and all lesions were located in the transitional zone ( Fig. 2A-F Fig. 3A) .
Use of ADC value combined with vascular permeability parameters in the diagnosis of PCa. Logistic regression was used to evaluate the efficacy of the combination of ADC value with vascular permeability parameters in the diagnosis of PCa. When two parameters were combined, the best diagnostic efficiency was achieved when K ep and ADC were combined (AUC=0.939). However, when three parameters were combined, the diagnostic efficacy was not significantly improved. Yet, when the four parameters K trans + K ep + V e + ADC were combined, the diagnostic value was increased (AUC=0.940), and this efficiency was significantly higher compared with only one parameter (Tables II, III 
Discussion
Previous studies have demonstrated that K trans and K ep values in the central adenocarcinoma area are higher than in the central glandular noncancerous area, suggesting that these parameters may be useful to identify both regions (11, 12) . They also revealed that the K trans , K ep and V e among each area had significant differences, suggesting that DCE-MRI may aid the diagnosis of PCa. The present study demonstrated that K trans , K ep and V e values between patients with PCa and patients with BPH were highly sensitive and specific, and may therefore be used in the diagnosis of PCa. In addition, V p value did not differ between the two groups, indicating that it may not be useful for PCa diagnosis. Baur et al (13) reported that the prostate imaging reporting and data system scoring system demonstrates a good diagnostic performance for the detection of PCa when using a sum score. However, DCE-MRI does not appear to significantly improve the accuracy of diagnosis. Hoeks et al (14) suggested that, compared with single T2WI, T2WI combined with DCE-MRI does not aid the diagnosis of PCa. This study reported that the diagnostic coincidence rate was only 66%. These findings indicated that DCE-MRI may have diagnostic value for PCa; however, its application value and optimal sequence combinations require further investigation.
In the DWI scans of 88 patients with PCa, Nagel et al (15) demonstrated that the ADC values between patients with prostatitis and PCa are significantly different. This finding suggested that DWI may possess high value for the noninvasive diagnosis of PCa. In 117 patients diagnosed with low risk PCa and examined with DWI (Gleason score ≤6) (16) , the ROC curve analysis revealed that the sensitivity and specificity of ADC for PCa are 76.5 and 81%, respectively. The cut-off value of ADC was revealed to be 1.04x10 -3 mm 2 /sec. In another study, a comparison between MRI and pathological results in 201 patients with PCa revealed that T2WI combined with DWI significantly improves the detection rate of PCa (17); the sensitivity, specificity and AUC were 73.2, 89.7 and 0.842%, respectively. These promising results reinforce the use of T2WI combined with DWI as a routine sequence in clinical diagnostic screening of PCa. The present study revealed that the sensitivity and specificity of ADC in diagnosing PCa were 86.5 and 84.1%, respectively, suggesting a high diagnostic efficiency.
PCa can manifest in different ways on MRI images, and each imaging method has its pros and cons. Therefore, a single method for PCa diagnosis is often not sufficient. Multi-parameter imaging, examining differences in anatomy, metabolism and other characteristics of the prostate have garnered much interest in the diagnosis of PCa. Iwazawa et al (18) revealed that DCE-MRI combined with DWI is better than DCE-MRI alone with regards to diagnostic accuracy of PCa in patients with elevated serum PSA, thus suggesting that DWI provides a high sensitivity and accuracy. Multi-parameter MRI scanning of 55 patients with PCa demonstrated that K trans of DCE-MRI combined with ADC values of DWI imaging offers diagnostic sensitivity, specificity, accuracy and AUC of 71, 86 and 78%, and 0.79, respectively (19) . Compared with the combinations of any other two modalities of MRI, including T2WI+DWI, T2WI+DCE, T2WI+MRS, DWI+MRS and DCE+MRS, DCE-MRI combined with DWI has the best diagnostic efficiency for the diagnosis of PCa (19) . The present study analyzed the efficiency of ADC combined with vascular permeability parameters in the diagnosis of PCa. The results revealed that the diagnostic sensitivity and specificity of K trans + K ep + V e + ADC was higher than that of single parameters. Notably, the diagnostic efficiency of K ep + ADC (AUC=0.939) was similar to that of the four combined (AUC=0.940, thus suggesting that K ep and ADC may be used as the main parameters for DCE-MRI combined with DWI for the diagnosis of PCa.
The Gleason classification is a commonly used method in histological grading of PCa, due to its association with biological parameters and prognosis of PCa; therefore, it has become an important reference index for the treatment of PCa (8, 9) . The growth and invasion of PCa depends on the degree of tumor angiogenesis. Prognosis is therefore closely associated with the amount of angiogenesis (20) (21) (22) , and PCa is characterized by low degrees of differentiation. In addition, tumor growth is associated with recruitment of new vasculature, which is naturally leaky compared with healthy vasculature. Bigler et al (23) revealed that the mean microvascular density of PCa was associated with the Gleason score, tumor staging and prognosis. In particular, elevated K trans values are associated with an increase in the Gleason score. These results suggested that the K trans value may be used to predict the degree of malignancy and overall prognosis. However, in previous studies, DCE-MRI performed in patients with PCa revealed that K trans , K ep and V e values are not correlated with the Gleason score (11, 24) , in agreement with other research (25) . In addition, a low negative correlation was observed between V p and primary Gleason pattern of PCa (r=-0.385, P<0.05). No significant correlation between V p and the secondary Gleason pattern or total Gleason score was found. There was no correlation between V p and the Gleason score, which may be due to the intravascular contrast agent, the distribution of which is closely associated with the density and wall permeability of tumor angiogenesis. An increase in V p may be initiated by increased retention of contrast agent in the blood vessels in patients with PCa. As the malignancy of PCa increases, blood vessel permeability also increases; therefore, the amount of contrast agent in the vasculature is decreased. This represents how V p may be associated with the grading of PCa, allowing it to be used to evaluate the degree of malignancy and prognosis of PCa. However, optimal measurement methods or software have yet to be established for V e and V p , and the accuracy of quantitative analysis requires further investigation. This study Table IV . Correlation analysis between vascular permeability parameters and ADC values in prostate cancer, and Gleason score. -3 mm 2 /sec. In the present study, the ADC value in the PCa area was negatively correlated with primary and secondary Gleason patterns of tumor grading and the Gleason total score, which suggested rapid proliferation of tumor cells in cancerous lesions, resulting in close arrangement of abnormal tumor cells, compression and deformation of the extracellular space and restriction of water molecule diffusion. This may lead to a decrease in water content and motility, inducing a decrease in ADC. This suggested that ADC value may be used to assess the invasion and recurrence of tumors, and may serve as a reference tool for clinical treatment plans.
The present study however presents some limitations: i) The use of contrast agents in DCE-MRI may increase the risk of adverse reactions; ii) there may be deviations in the measured value and the results from puncture biopsy under ultrasound in 29 patients; iii) ROIs were placed in the largest cross-section of the lesion with simple operation and good repeatability, but other aspects of the lesion tissue that may affect the precise measurement of the value were not considered; and iv) based on Gauss diffusion theory, DWI can noninvasively detect the diffusion of water molecules in living tissues. The DWI signal is known to represent a single exponential function with attenuation and increasing B value. However, to a certain extent, the diffusion of water molecules in biological tissues is more complex than free water and the shift of water molecules in tissues differs from Gaussian distributions. These deviations are in contradiction with the single exponential model and are affected by the cell membrane, and inner and outer septal diffusion barrier. These factors may alter the detection rate of PCa. A double exponential model of intravoxel incoherent motion imaging, which allows a more comprehensive analysis of data of DWI, and diffusional kurtosis imaging of Taylor expansion, which provides quantifiable information on the non-Gaussian behavior of water diffusion in biological tissue and reveals subtle substructural changes, could be considered in the future to study the diagnostic value of benign and malignant prostate lesions, in order to improve the detection rate and diagnostic efficiency of PCa.
In conclusion, DCE-MRI combined with quantitative analysis of DWI may improve the diagnostic efficacy of PCa, and provide differential diagnoses between benign and malignant prostate lesions. The methods proposed herein may aid the determination of invasion and prognosis of tumors in a non-invasive manner, and provide a real and systematic imaging basis for clinical practice.
